Abstract We conducted a systematic review to determine the safety and efficacy of omega-3 fatty acids for autistic spectrum disorder (ASD). Articles were identified by a search of MEDLINE, EMBASE, and the Cochrane Database using the terms autism or autistic and omega-3 fatty acids. The search identified 143 potential articles and six satisfied all inclusion criteria. One small randomized controlled trial (n = 13) noted non-significant improvements in hyperactivity and stereotypy. The remaining five studies were small (n = 30, 22, 19, 9, and 1) with four reporting improvements in a wide range of outcomes including language and learning skills, parental observations of general health and behavior, a clinicianadministered symptom scale, and clinical observations of anxiety. Due to the limitations of evidence from uncontrolled studies and the presence of only one small randomized controlled trial, there is currently insufficient scientific evidence to determine if omega-3 fatty acids are safe or effective for ASD.
Introduction
Complementary and alternative medical (CAM) therapies are commonly used by patients with autistic spectrum disorders (ASDs). In four recent surveys, the prevalence of CAM use was 32, 52, 74, and 95% (Hanson et al. 2007 ; Harrington et al. 2006; Levy et al. 2003; Wong and Smith 2006) . The variability in the reported prevalence is likely related to the substantial differences in survey designs and the populations studied, but it is clear that CAM use is common.
Omega-3 fatty acids are among the most commonly used CAM therapies, and have been reported to be currently used by 28.7% of children with ASDs (Green et al. 2006) . Omega-3 fatty acids are polyunsaturated fatty acids and three main types are found in the human diet: ALA (alpha-linolenic acid), DHA (docosahexaenoic acid), and EPA (eicosapentaenoic acid). DHA and EPA are found in seafood, while ALA is found in nut and plant oils. Interestingly, fish do not produce EPA and DHA, but the oils are synthesized by single-cell marine organisms that are eaten by fish (Harris 2004) . While the human body can synthesize both DHA and EPA from ALA, it can not synthesize any of these three types of fatty acids ''from scratch.'' Thus, these substances are typically considered essential human nutrients and are often called ''essential fatty acids'' (Freeman et al. 2006) . DHA and EPA are used by the body to produce a variety of different compounds, including cyclooxygenases and lipoxygenases, which have many different physiological actions (Harris 2004) .
While the potential mechanism of action of omega-3 fatty acids for improving symptoms of ASD is unknown, neural tissue contains high concentrations of DHA, and studies suggest that this fatty acid is essential to the growth and functional development of the human brain (Freeman et al. 2006) . Omega-3 fatty acids are also known to exert an anti-inflammatory effect (Kris-Etherton et al. 2002) . Three prior studies have reported low levels of omega-3 fatty acids in children with ASD compared to controls (Bell et al. 2004; Meguid et al. 2008; Vancassel et al. 2001) , while a fourth found no difference (Bu et al. 2006) . Fatty acid deficiencies have also been reported in individuals with other psychiatric disorders, including schizophrenia and attention deficit hyperactivity disorder. A recent systematic review found statistically significant benefits from omega-3 fatty acids for the treatment of depression, although there was considerable heterogeneity in the results and marked variation in the methodology of included studies (Freeman et al. 2006) .
Because omega-3 fatty acids are commonly used by children with ASDs and there is some limited evidence regarding a possible physiological basis for beneficial effects, we conducted a systematic review to identify and evaluate all prior clinical studies that reported treatment effects of omega-3 fatty acids in children with ASDs.
Methods

Protocol
All study procedures were defined a priori in a study protocol that specified the search strategy, the inclusion and exclusion criteria, the quality rating system, and the method of analysis.
Search
We searched MEDLINE, EMBASE, and the Cochrane Collaboration Clinical Trials Registry from 1966 to September 2008 to identify relevant studies in all languages. The search strategy used the following terms: (autism OR autistic) AND (unsaturated fatty acid OR unsaturated fatty acids OR omega 3 OR omega3). We reviewed the reference lists of all identified studies and contacted experts to identify additional studies.
Study Selection
We set broad inclusion criteria to include not only randomized controlled trials but also any other study design that (1) enrolled human subjects of any age who had ASDs, (2) treated patients with omega-3 fatty acids with any dose and duration, and (3) reported at least one outcome measure (including clinical or parental observation) that addresses the core symptoms of ASDs (social difficulties, communication problems, and repetitive or restrictive behaviors) or any associated symptom (such as sleep disturbance, gastrointestinal problems, or anxiety). We excluded studies that combined omega-3 fatty acids with other interventions. The primary reason for setting broad inclusion criteria was to evaluate not only the randomized controlled trials, but also other study designs that may be commonly presented to families and care providers as the rationale to begin treatment with omega-3 fatty acids. Our goal was to evaluate all studies in an unbiased manner to summarize the current scientific evidence for families and clinicians who are making treatment decisions.
Quality Assessment and Data Abstraction
For each study, two authors independently abstracted data regarding study eligibility, study quality, treatment, and ASD-related outcomes. For randomized controlled trials, study quality was assessed using the Jadad scale (Jadad et al. 1996) . For designs other than randomized controlled trials, we provided a written description of the design and the potential limitations, but did not provide a quantitative quality score, as there is no widely accepted tool for other designs.
Clinical Recommendation
In order to provide a concise clinical recommendation about whether the use of omega-3 fatty acids is indicated based on a review of current scientific evidence, we chose to follow the methods of the US Preventive Services Task Force (USPSTF), which provides letter grades evaluating the certainty and magnitude of the benefit of an intervention (letters A-D and ''I'' for insufficient information; Sawaya et al. 2007 ). In general, letter grades of A or B indicate that the treatment should be provided to eligible patients, treatments with a letter grade of C should not be offered routinely, and D-grade treatments should not be provided. Treatments with insufficient evidence are rated as ''I,'' and no recommendation is made regarding clinical use (Sawaya et al. 2007) .Two authors (SB and KB) independently followed the methodology of this rating framework to determine the clinical recommendation.
Results
The database searches, reviews of bibliographies, and contact with experts yielded 143 potentially relevant articles. Six articles satisfied all inclusion and no exclusion criteria and are included in this systematic review. Reasons for exclusion of other articles are shown in Fig. 1 .
The characteristics of the six included studies are shown in Table 1 .
Only one study was a randomized controlled trial (Amminger et al. 2007 ). This study enrolled 13 children with autism (based on DSM-IV criteria and the ADI-R) and randomly assigned them to the daily use of 1.5 gms of omega-3 fatty acids or an identical placebo for 6 weeks. The outcome measure was the Aberrant Behavior Checklist. The difference in the change in each of the subscales between groups is shown in Table 2 .
Each subscale showed a greater improvement in the omega-3 group compared to the placebo group, but none of these changes reached statistical significance. The largest changes were in the hyperactivity and stereotypy subscales. The study was methodologically sound, and received a four out of five point rating on the Jadad score (the score was reduced by one point because the method of randomization was not described).
Four studies were uncontrolled, open-label studies that enrolled children or young adults with autism or Asperger's. Politi et al. 2008 conducted an open-label study of 19 young adults (mean age 29) with severe autism, moderate to profound mental retardation, and severe maladaptive behaviors. All subjects were given 0.93 gms of omega-3 fatty acids (DHA ? EPA) and a vitamin supplement containing 5 mg of vitamin E daily for 6 weeks. The frequency and severity of problematic behaviors was assessed using an instrument (the Rossago Behavioral Checklist) for 6 weeks before, during, and after treatment (18 week total study period). The authors found no improvement in the mean severity score of problematic behaviors between the pre-treatment and treatment periods. Interestingly, there appeared to be an improvement in both the frequency and severity of symptoms in the post-treatment period, though it is not clear if this was due to beneficial effects of omega-3 fatty acids or other factors (as there was no control group). Meguid et al. 2008 treated 30 children with autism from a National Research Center in Egypt for 3 months with a combination of omega-3 (240 mg DHA ? 52 mg EPA daily) and omega-6 fatty acids (68 mg) and Vitamin E. They reported that 20 of 30 children improved on the Childhood Autism Rating Scale, but they did not report the mean change in the overall group of 30 children.
Patrick et al. enrolled 22 children who were all treated in an open-label manner with one daily capsule containing 247 mg per day of omega-3 fatty acids for 90 days (Patrick and Salik 2005) . The authors reported that there was a statistically significant increase from day 0 to 90 in each of the subscales of the assessment of basic language and learning skills. However, no raw data were presented. Bell et al. 2004 included a very brief description of an open-label study where nine children with autism or Asperger's were given one of two different omega-3 supplements of varying dose for at least 6 months. No structured outcomes were assessed, but parents reported improvements in general health and a variety of outcome measures ( Table 2) .
The sixth study was a case report involving an 11 yearold child who had been diagnosed with autism at age 2.5 and was having problems with high levels of anxiety and agitation associated with compulsive rituals (Johnson and Hollander 2003) . Fish oils were initiated and advanced to 3 g/day (540 mg EPA). The parents and the clinician reported complete elimination of anxiety and agitation after 1 week, and the improvement was stable over 8 months of follow-up.
Only the randomized controlled trial reported the details of the method of ascertaining adverse medication effects (UKU Side Effect Rating Scale) (Amminger et al. 2007) . In this study, one child withdrew due to gastrointestinal complaints and lack of perceived benefit. The authors noted that a mild adverse event of fever was reported in the omega-3 group (but the number of patients reporting this was not shown). In one uncontrolled study, 2/22 children withdrew due to reports of increased physical activity, but no other adverse effects were noted (Patrick and Salik 2005) . In another uncontrolled study, a ''few parents'' reported ''increased hyperactivity and behavioral problems'' (Bell et al. 2004) . Two uncontrolled studies (Meguid et al. 2008; Politi et al. 2008 ) and the case report (Johnson and Hollander 2003) did not discuss whether adverse events were assessed.
Based on the evidence summarized above, two independent raters agreed that the evidence for efficacy of omega-3 fatty acids for the treatment of autism should be Not autistic spectrum disorder = 24
Review article = 72 
Discussion
Despite the high prevalence of use of omega-3 fatty acids among children with ASD's, there is very limited scientific evidence evaluating the safety and efficacy of the supplement in this population. We conducted an extensive literature search in all languages and found only one randomized controlled trial. The randomized controlled trial reported a small, non-significant trend towards benefit in the hyperactivity and stereotypy subscales of the Aberrant Behavior Checklist. While this pilot study was methodologically sound, it was limited by a small sample size and short duration, and it did not examine outcomes other than aberrant behavior. Also, because the omega-3 group had higher (or ''worse'') scores for hyperactivity and stereotypy at baseline than the placebo group, the observed benefits may have been due to regression to the mean, with the more severe initial measurements (in the omega-3 group) improving more through natural variation than the less severe initial scores (in the placebo group; Gilbert 2008).
The four uncontrolled studies (Bell et al. 2004; Meguid et al. 2008; Patrick and Salik 2005; Politi et al. 2008 ) and the one case report (Johnson and Hollander 2003) provide interesting, hypothesis-generating information and raise the possibility that omega-3 fatty acids may have some benefits. However, these studies are significantly limited by the lack of a control group, and are therefore not able to determine if the reported improvements are due to omega-3 fatty acids or to the natural variation in symptoms of ASD that may be due to many other factors. Similarly, the lack of blinding makes all of the uncontrolled studies susceptible to reporting bias. Given the limitations of current studies on omega-3 fatty acids for ASD, families should be educated to properly weigh the evidence when considering treatment decisions. A plain-language summary of this article is provided in Appendix 1. A plain-language summary of the key issues related to interpreting scientific evidence in studies of CAM in ASD is provided in Appendix 2.
Prior studies examining the prevalence of omega-3 fatty acid deficiencies in children with ASD have found inconsistent results. One case-control study found that children with classic autism or Asperger's had a 10% lower level of total omega-3 fatty acids compared to controls (Bell et al. 2004) , and a second case-control study found a 20% lower level of omega-3 fatty acids (Vancassel et al. 2001) . A third case-control study found no difference in omega-3 fatty acids levels when comparing 40 children with autism to 20 children with other developmental disabilities or 20 typically developing children (Bu et al. 2006) . The reasons for these inconsistent findings are unclear, but may relate to differences in the selection of control populations or differences in laboratory methods of measuring fatty acids. If omega-3 fatty acids have beneficial effects, it is possible that these effects may be limited to a subset of children with ASD. Future studies should consider measuring omega-3 fatty acid levels over the course of a clinical trial to determine if any beneficial effects are limited to children with initial deficiencies or specific fatty acid profiles.
In summary, this systematic review identified one randomized controlled trial, four uncontrolled studies, and one case report examining the efficacy of omega-3 fatty acids P: 9.0 (1.6) P: 9.4 (2.9) P: -0.4 (2.9) a ''A'' indicates scores in the active (omega-3) group, and ''P'' indicates scores in the placebo group b Positive values indicate that the treatment group had a greater benefit (change in the measure over the 6 week study period) than the placebo group. The confidence intervals surrounding this difference were generated and were not presented in the original paper. Confidence intervals do not assume equal variances; t-statistics computed using Satterhwaite's degrees of freedom for the treatment of ASD. Overall, there is insufficient scientific evidence to determine if omega-3 fatty acids are beneficial for symptoms of ASD (Evidence Rating = ''I'' or Insufficient). Although there is very limited evidence regarding the efficacy of this therapy, future studies are indicated based on the high prevalence of use, the favorable initial safety profile and low cost, and the lack of studies with sufficient size to identify clinically important benefits. Since the one randomized controlled trial found the largest trend suggesting a possible benefit for improving hyperactivity, future studies should target this symptom area as the primary outcome measure. Measurement of free fatty acid levels during the course of future studies has the potential to identify subsets of patients who might benefit from this therapy. Future studies would also benefit from larger sample sizes with sufficient power to detect clinically important benefits, a longer duration to examine the time-course of treatment effects, a careful assessment of side effects and safety, and a determination of the adequacy of blinding. These recommendations are consistent with the widely accepted guidelines for the conduct and reporting of clinical trials (CONSORT Statement; Altman et al. 2001) .
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Appendix 1: Patient Information Handout: Safety and Efficacy of Omega-3 Fatty Acids for Autistic Spectrum Disorders (ASD)
Background Omega-3 fatty acids are among the most commonly used CAM therapies in children with ASDs. These fatty acids are often called ''essential'' fatty acids, because they cannot be made in the human body and therefore must be consumed in the diet. Two types of omega-3 fatty acids come from fish (DHA and EPA), while another comes from nut and plant oils (ALA). In the body, these fatty acids are used to produce hormone-like substances that are involved in a wide array of functions. Also, brain and nerve tissues contain high concentrations of DHA, and studies suggest that this fatty acid is essential to the growth of the nervous system. There is some preliminary evidence that fatty acid levels may be low in certain psychiatric disorders, including schizophrenia and attention deficit hyperactivity disorder.
Studies of DHA and EPA suggest that these substances may be beneficial in the treatment of depression (Freeman et al. 2006) . Three studies have found that omega-3 fatty acid levels were low in children with autism (Bell et al. 2004; Meguid et al. 2008; Vancassel et al. 2001) , while a fourth did not (Bu et al. 2006) . Some have theorized that, since omega-3 fatty acid levels may be low in children with autism, supplementation might lead to an improvement in symptoms.
Are Omega-3 Fatty Acids Effective for Symptoms of ASD?
As with most CAM therapies for ASD, there is very little scientific evidence regarding the efficacy of omega-3 fatty acids. Two case series (which are reports that describe a group of children who took omega-3 fatty acids, but without a comparison to a control group) describe a number of benefits in language and learning skills, social skills, and other measures of health (Bell et al. 2004; Patrick and Salik 2005) . One case series in young adults with severe autism reported no benefit after 6 weeks of treatment (Politi et al. 2008) , and another reported benefits in a subset of patients (Meguid et al. 2008) . One small, randomized, placebo-controlled trial in 13 children with ASD found a suggestion of a benefit in hyperactivity (Amminger et al. 2007 ). An ongoing study is further examining the potential benefits.
Are Omega-3 Fatty Acids Safe?
Omega-3 fatty acids are commonly used in adults and are now recommended as a standard therapy for the prevention of heart disease in adults with known heart disease. Most studies indicate that omega-3 fatty acids are relatively safe, although there are some concerns that it may increase the risk of bleeding (and therefore should be avoided in persons at increased risk for bleeding).
Bottom Line
There is insufficient scientific evidence to determine if omega-3 fatty acids are beneficial for ASDs. This supplement is believed to be relatively safe. It is always recommended that you discuss the potential risks and benefits of this and any other therapy with your child's regular health care provider.
Selection of Products
Omega-3 fatty acid products are considered to be ''dietary supplements'' and therefore have limited regulation and oversight from the US Food and Drug Administration (FDA). Dietary supplement products may have variability in quality, consistency, and safety testing. Because omega-3 fatty acids come from fish, and some fish contain mercury, there is a concern that omega-3 fatty acid supplements could contain unsafe levels of mercury. Products should be tested to ensure mercury is not present. The FDA has advised that adults can safely consume a total of 3 grams per day of combined DHA and EPA, with no more than 2 g per day coming from dietary supplements (''FDA announces qualified health claims for omega-3 fatty acids, '' 2004) . Dosing guidelines are not available for children. Studies of omega-3 fatty acid in children with autism have used daily supplement doses ranging from 0.247 to 1.54 grams of EPA plus DHA per day, but the size and duration of these studies is insufficient to determine the safety of these doses. If you and your health care provider decide to use omega-3 fatty acids with your child, we recommend the following resource to help in the selection of specific products:
Consumerlab.com-is a Web-based information service (subscription required) that analyzes the content of dietary supplements to determine if the label correctly reports the actual ingredients and whether the products meet current accepted standards for contents of specific products (http://www.consumerlab.com). Complementary and Alternative Medicine (CAM) is variably defined but generally refers to medical therapies and practices that are not commonly taught at medical schools or available at major hospitals and clinics in the United States (Eisenberg et al. 1998 (Eisenberg et al. , 1993 ; in contrast to ''traditional'' or ''conventional'' medicine, which refers to therapies that are provided in most hospitals and clinics). Sometimes complementary medicine is described as non-traditional therapies that are used in conjunction with traditional therapies (to complement their action), while alternative medicine is used to describe non-traditional therapies that are used in place of (as an alternative to) traditional therapies. Practically speaking, most non-traditional therapies are simply classified under the general term: CAM therapies. A related term used in some settings is integrative medicine, which highlights the belief that CAM therapies are best used when integrated with (rather than replacing) conventional medical care. CAM therapies are commonly used by families in treating their children affected by ASDs. In four recent surveys, the prevalence of CAM use was 32, 52, 74, and 95% (Hanson et al. 2007; Harrington et al. 2006; Levy et al. 2003; Wong and Smith 2006) . The variability in the prevalence of use is likely related to differences in survey design and the groups of children studied, but it is clear that CAM use is common.
Which CAM Therapies are Most Commonly Used for ASDs?
It is difficult to determine which CAM therapies are most commonly used, as most prior surveys have been limited to small or selected groups of patients.
Why do Families Use CAM Therapies for ASDs?
There is very little information available that examines how and why families decide to use CAM therapies for ASD. One study found that parents had a variety of goals in mind, including improving the general symptoms of ASD (social difficulties, communication, repetitive or restricted behaviors) as well as treating associated problems such as gastrointestinal problems, sleep problems, or to maintain general health (Wong and Smith 2006) .
How do I Decide Whether To Try a CAM Therapy for My Child Who Has an ASD?
As with any medical therapy, deciding whether to use a specific CAM therapy involves a review of scientific evidence, focusing on the potential RISKS and BENEFITS of any therapy. Some general guidelines in evaluating the risks and benefits of each therapy are:
1. Risk-Benefit Analysis: Therapies that have a very low risk (low chance of side effects) and a very high chance of benefit have the greatest chance of being helpful for your child. 2. Limited current information for most CAM therapies:
Unfortunately, for most CAM therapies, there is currently very limited information regarding potential risks and benefits. In the absence of scientific evidence, it may be fairly obvious that some therapies (such as art therapy) are safe, while it may be more difficult to determine the safety of others (such as high-dose vitamins). 3. Discuss CAM therapies with your care providers:
Some families feel uncomfortable discussing their thoughts about using CAM therapies. However, health care providers understand that CAM use is very common and they want to be helpful in the difficult process of deciding whether to use specific therapies. Think of your care provider as your ''coach,'' who will help you evaluate the evidence and alternatives-but ultimately, you will decide what is best for your child. Also, when using a CAM therapy, it is much safer to have a health care provider help monitor for possible side effects and benefits. 4. Delays in the use of proven therapies: Some families may initially focus their efforts exclusively on treating their child with CAM therapies, which may delay the use of therapies with proven benefits that could have been most helpful for the child. 5. Time trade-off: If the use of CAM therapy involves a significant investment of time and effort, remember that this involves a trade-off. If families spend hours and hours preparing a very restricted diet, it may take away from the time and energy needed to provide other therapies, such as behavioral interventions.
Caring for a child with an ASD often involves a great deal of stress, time, and energy, and it is crucial to prioritize efforts towards the most beneficial treatments.
How do I Evaluate The Scientific Evidence on CAM Therapies?
The highest-quality scientific study for evaluating the efficacy of any intervention (CAM or traditional) is the double-blind, placebo-controlled, randomized trial. These studies create groups of patients that are very similar (similar age, similar socioeconomic status, similar severity of disease, etc.) by randomly assigning patients to a treatment or control group. The use of double-blinding indicates that neither the patient nor the persons conducting the study know whether any given patient is receiving the ''real'' treatment or an identical, inactive (placebo) treatment. Therefore, patients and study personnel should not be influenced when judging whether they have improved (because they do not know whether they are taking the active or the placebo treatment). Once the study is completed, the investigators ''unblind'' the data, and determine if patients in the active group improved more or less than patients in the placebo group. Unfortunately, there have been few high quality randomized controlled trials conducted on CAM interventions for ASDs. Therefore, most of the evidence regarding the efficacy of CAM interventions for ASDs comes from anecdotal reports (also known as case reports when they are published in the medical literature). These reports generally describe a child with an ASD who was given a CAM treatment (such as hyperbaric oxygen) and who improved, sometimes dramatically. These reports provide preliminary evidence that a therapy might be effective, but they are extremely limited for several reasons:
1. Case reports have no comparison group, so it is not clear whether similar patients (or the same patient) would have improved without the intervention (this problem is sometimes referred to as a lack of information about the ''natural history of the disease''). Because symptoms of ASD often vary from day-to-day or week-to-week in an individual child, it may be difficult to tell if the CAM treatment (or something else) led to the improvement. 2. Case reports are not blinded, so both the patient and the person assessing the outcome are aware of the treatment. This may lead to a biased interpretation of the effect (for example, an acupuncturist might firmly believe in the efficacy of the acupuncture for ASD, and might tend to overestimate the effect). Also, the lack of blinding can lead to a placebo effect, where the observed benefit is not due to the intervention, but to an expectation of benefit. 3. Case reports often involve one or just a few patients, and it is not clear if they are representative of the larger group of children with ASD.
There are many examples in traditional medicine where widely held medical beliefs (based on case reports or other similar ''observational studies'') were later proven incorrect by the higher-quality randomized controlled trials. For example, for decades it was well established medical practice that when post-menopausal women were given estrogen, they seemed to have less heart disease. It was not until several large randomized controlled trials were conducted that it was discovered that estrogen had no beneficial effects on heart disease (Hulley et al. 1998 ).
However, it should also be mentioned that many of the most important scientific discoveries originally came from case reports, and the value of case reports to suggest important possibilities should not be underestimated. For example, the phenomenon of a group of 11 men (who were either homosexual or intravenous drug users) becoming immune deficient was originally described in a case series (Masur et al. 1981 ). This ''anecdotal'' observation or case series led to the discovery of the AIDS virus.
For the vast majority of CAM therapies for ASD, there is little or no evidence to document efficacy. However, the lack of evidence should not be equated with a conclusion that a therapy is ineffective. In the absence of scientific evidence, there is an equal chance that any therapy will be beneficial or harmful.
We strongly recommend that you discuss the evidence regarding risks and benefits of each CAM therapy with your child's health care provider to help you decide whether to use and how to monitor the effects of a specific treatment. Additionally, evidence-based reviews are now being conducted for all CAM therapies, and the full scientific reports and plain-language summaries will be made available on-line to help families and clinicians make informed decisions.
